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ABSTRACT 

The purpose of this thesis is to investigate the effect 
of the diameter of handwheels on the maximum speed of turn- 
ing that an operator can impart to a handwheel for different 
torques applied to the handwheel shaft. 

Five handwheels were studied ranging in cranking radii 
from 1,625 to 6,375 inchea. 

Five different torques were used ranging from 0,9 to 
34.6 in-lb. 

Ten subjects were tested. The subjects were volunteers 
from the male population of Purdue University. 

Based upon the results a family of curves was drawn 
showing the relationship between th© time per revolution 
and the radii of handwheels for different torques. The 
minima of these curves, as obtained by means of Lagrange * s 
interpolation formula, were used to draw a graph showing 
the relationship between torques and radii of handwheels 
for the condition of maximum turning speed. 

The analysis of the results led to th© following con- 
clusions: 

For each individual the maximum speed of turning seems 
to be affected, within the range of the present experiment, 
by two factora: a) The muscular force required for turning 
the handwheel, b) The radii of the handwheel. 

There is a strong indication, statistically 












- 



** ***** >• 



u 



•** +4 

• fti| 

I m.* 



«# f *0 







H 










t 
















significant at the i> level, that, for a given torque, 
one specific handwheel among those tested produces the 
maximum turning speed* This fact appears to justify the 
use of the maximum turning speed as an objective criterion 
for the selection of handwheels. 

The curve showing the relationship between torques and 
radii of handwheels for the condition of maximum turning 
speed should provide an approximate solution for the prob- 
lem of selecting that handwheel which should allow for the 
maximum speed for a particular torque* 
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EFFECT OF SIZES OH Th - TUKUIMG JPI^D 

IHTRODUCTICH 

The study of the performance of machine control de- 
vices first caught the attention of investigators as early 
as 1926.^ With the outbreak of orld ar II a concerted 
drive was mad© to eliminate much of the uncertainty impair- 
ing the utilisation of human abilities in the operation of 
equipment • To this end, many investigations have been per- 
formed on control devices such as knobs, levers and hand- 
wheels. 

In 1946 Raines and ilosenbloom^ studied the perfor- 
mance of handwheels operating at maximum speed and also at 
a moderate constant speed. In this work they arrived at a 
graph showing the relationship between the turning speed 
and the turning force required when several subjects oper- 
ated at maximum speed a handwheel 1.5 inches in diameter. 
This graph indicates an approximate linearity between the 
turning speed and the turning force and also a wide varia- 
bility among individuals. However, because of the wide 
variability among individuals, Raines and Rosenbloom felt 



(1) Kuhne, W, P., Studies Concerning the Optimum Determina- 
tion of Reactions of Force on Controls of Machines, Indus- 
trlelle Paychotechnick, v3, n6, pl67-172, June 192o. 

(2) Raines, A. and Rosenbloom, J. H. , Ideal Torques for 
Handwheels and Knobs, Machine Design, vld, August 1946. 
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that it was worthless to pursue further investigation of 
the operation of handwheels at maximum speed* In their 
investigation at a moderate constant speed, they attempted 
to introduce a selective criterion for handwheels based on 
the subjective fealin,;s of the operators* 

In 194^ an extensive study was undertaken by Reed^ 
on the factors influencing rotary performance* Reed's work 
is a step forward from that of Raines and hose abloom in the 
sense that it provea the existence of a definite relation- 
ship between the cranking radius and the maximum turning 
speed of handwheels* In his experiment Reed used handwheels 
ranging in cranking radii from 0,394 to 7*£& inches and 
torques ranging from eero to 4*34 in-lb. 

Based upon this previous research there appears to be 
a need for further investigation and the introduction of a 
basis for an objective selection of handwheels to operate 
at maximum speed* 



(3) Heed, J, 0., Factors Influencing Rotary Performance, 
The John Hopkins University, Ph*D* Dissertation, 194S, 
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PURPQJE 



The purpose of this thesis is to investigate the ef- 
fect of the cranking radii of handwheels on the waximu* 
speed of turning that an operator can imp ait. to the hand- 
wheel* 
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The Apparatus 

The apparatus (Fig. 1) used consisted of a shaft to 
support the handwheel and a belt arrangement designed to 
permit the application of different torques to the shaft 
of the handwheel. The torques were act by varying the belt 
tension with the aid of tumbuckles. (see Fig. 1). The 
•haft was supported by self-aligning beerings to mininixe 
any possible effects resulting frost the deflection of the 
shaft under heavy belt tensions. 

Five handwheels (Fig. 2) were used, with cranking 
radii of 1.625, 2.250, 3.062, 4.500 and 6.375 inches. 

These handwheols will be referred to as handwheels 1,2,3, 

4 and 5, respectively. 

The handwheels had fixed handles which had different 
shapes as can be seen from Fig. 2. Fixed handles were not 
desirable for the present experiment because of the variable 
friction between the hand of the operator and the handle of 
the handwheel; this difficulty was overcome by providing 
the operators with a cotton glove. 

Five torques were used: 0.9, 10.7, 26.2, 57.4 and 
64.6 inch-pounds. These were dynamic torques as estimated 
fro:, the readings on the tension scales when die handwheel 
shaft was being turned at the maximum speed by an operator 
of approximately average strength. The dynamic torque3 
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Fig. 1 THE EXPERIMENTAL SET-UP AND TH ; KYJ* GRAPH 
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were found to be very close to the static torques as can be 
eoen fro*a the following table: 

Dynamic Torques; 10.7 23.2 57.4 34.6 
otatic Torques; 10.1 23.2 59.0 89.0 

IhS. ULS^M. £<g iSJk 

The Fycograph^ (Fig, 1) wai used to measure the 
speed of turning of the handwheel. In order to use this 
timing device a bumper was attached to the handwheel shaft 
in such a way that in each revolution this bumper operated 
a micro switch which closed the circuit for the kymograph. 
The time for each revolution could be measured then by the 
distance between each pair of pips in the kymograph paper. 
(See Appendix r for sample) One centimeter of kymograph 
paper represents 0.0436 seconds of time. 

The selection of subjects 

The subjects used in the experiment were volunteers 
from the male population of Furdu© University. All were 
right handed and had no injuries to their hands or arras. 

They varied in age from 29 to 39 year® with an average of 
31.9 years. Their average height was 5 ft-10 in and ranged 
from 5 ft-8 in to 6 ft-2 in. The elbow height of the 
operators varied froa 40.5 to 46 in with an average of 
43.2 in. (for the physical characteristics of each operator, 
see Appendix E) 

The experimental procedure 

For each experiment the handwheel shaft as adjusted 

(4) For a discussion of the Kymograph, see Barnes, R.M. , 
University of Iowa Studies, Bulletin n-6, February 1936 
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to be at the height of the operator* a elbow because it was 
assumed that the elbow is the natural center of rotation 
for the forearms in the operation of handwheels. The oper- 
ator was required to stand in front of the handwheel with 
the right aria and the tip of the right foot in the vertical 
plane containin’- the handwheel shaft. The tips of the feet 
were 15 inches apart and & inches away from tho vertical 
plane containing the handwheel, Before each run the oper- 
ator was instructed on how to grasp the handle and was re- 
quired to perform one or two revolutions to got the feeling 
of that torque which was set for each nan. Then, the oper- 
ator was encouraged not to attest to reach the maximum 
speed of turning in tho first two revolutions but from then 
on he should apply his maximum physical exertion in order 
to impart the maximum speed to the handwheel. The objective 
of this precaution was to reduce the muscular strain usual- 
ly associated with the instantaneous application of a great 
muscular force. £och operator performed 20 runs in which 
the different handwheels and torques were randomly dis- 
tributed. These 20 run3, except for the randomization, 
followed the scheme illustrated in the table below: 
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Handwheels 


Torques 




0.9 


10.7 


28.2 


57.4 


84.6 


1.625 


1 


2 


3 






2*250 


4 


5 


6 






3.062 


7 


8 


9 


10 




4.500 


11 


12 


13 


14 


15 


6.373 


16 


17 


18 


19 


20 



The reason for the blank cells in the table above 
is that it was found impractical to use some of the smaller 
handwheels for heavy torques* 

The duration of each run was about 3 seconds and the 
interval between the runs was 3 minutes. 

For each run, 6 observations were made of the time re- 
quired to complete the revolutions from the 8th to the 13th 
inclusive* Therefore, for each subject 20 cells were ob- 
tained with 6 observations per cell* In all, 10 subjects 
were tested making a total of 200 cells with 6 observations 
each* 
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RESULTS 

The date for ell operators , handwheels and torques 
are summarised in Tables 1 to 5* The complete data from 
which these tables were prepared is included in Appendix A* 
(For the homogeneity of measurement error see Appendix B) 

Using the mean tine per revolution among all operators 
the family of curves shown in Fig. 3 was obtained. From 
this family of curves it can be seen that: 

a) For any given 3ise of a handwheel, the ti:e for 
completion of one revolution increases as the torque in- 
creases, or, what amounts to the same thing, the speed of 
turning decreases as the force required for turning in- 
creases . 

b) If the torque is zero, or nearly eo, the time per 
revolution increases with the radius of the handwheel. 

Tables 1 to 5 show a wide variability among individuals 
in their abilities to impart the maximum turning speed to 
a handwheel. However, they show also a strong indication 
that, for a given torque, one specific handwheel among 
those tested produces the maximum turning speed regardless 
of the physical strength of the operators involved. (The 
significance test for speeds of handwheels is presented in 
Appendix B) On the basis of this feet a graph was con- 
structed (Fig. 4) relating the radii of handwheels and 
torques for the condition of maximum turning spaed. The 
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Fig. 3 

OPERATORS AVERAGE TIME FER REVOLUTION 
VERSUS RADII OF HAKWHEELS 
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Fig. 4 

RELATIONSHIP BETWEEN TORQUES AND 
CRANKING RADII OF HANDWHEELS FOR 
THE CONDITION OF MAXIMUM TURNING 
SPEED 




VI 



I) 

\jafl •» ton "j Jaao-TjkTOi 

o Mr, «v flu*: «oo jrr 

BT<£ 




L 







- 



J 

it 5'ii’l 



_i_ 

o: 



-i 

ex 



- ^ 



- 5 



1 4 



- t 



- 2 



J 



I 



CT/rarC BVDII L • ••VD*' '~Fr- II* ;p'^PP' 



radii of handwheels used in plotting this graph ware ob- 
tained by minimising Lagrange^ interpolation fonaula w/ 
as applied to the curvaa sketched in Fig. 3» (<*efer to 
Appendix C). 

This graph probably provides an approximate solution 
to the problem of selecting handwheels with a cranking 
radii ranging from 2.46 to 5*07 inches to operate at maxi- 
mum speed under a constant torque in the range Ic.y to 

57.4 in-lb. 



(5) Scarborough, J. B., Kunerical Mathematical Analysis; 
The John Hopkins Press, 1930, pages 72 and 116. 
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CONCLUSIONS 

1. For each individual tha maximum speed of turning 
seems to ba affected, within tha range of the present ex- 
periment, by two factors: 

a) the rau3cular force required for turning the handwheel, and 

b) the radii of the handwheel. 

2. There Is a strong indication, statistically sig- 
nificant at the 1% level, that, for a given torque, one 
epecific handwheel among those tested produces the maximum 
turning speed. This fact appears to justify the use of the 
maximum turning speed as an objective criterion for the se- 
lection of handwheels. 

3. Within the limits of the torques and handwheel 
radii indicated, the curve in Fig. 4 should provide an ap- 
proximate solution for the problem of selecting that hand- 
wheel which should allow for the maximum turning speed for 
a particular torque. 
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